ABSTRACT
INTRODUCTION
The peak load in Spain has experienced a significant growth over the past decade [1] reaching yearly increases in excess of 10% in some specific areas. This situation is leading to operational problems in particular locations of the distribution network and is forcing companies to search for cost-effective and environmentally friendly solutions to face the issue. One of these possible solutions is implementing demand response programs among its customers. Moreover, electricity suppliers face increasingly variable market prices which make demand response initiatives even more interesting for the retail electricity business [2] .
In order to unveil the economical and technical viability of demand response initiatives in the Spanish power system, Endesa Network Factory and Tecnalia Energia have joined forces in the OPTIGES research project. The project comprises the development of a load control architecture that allows the remote activation of demand response strategies that modify the planned settings of existing EMCSs (Energy Management Control Systems) at customer's premises. HVAC and lighting systems are the loads that provide the highest reduction potential while having a minimum impact on customer's comfort.
The calculation of the optimal load control strategies requires an estimation of the building's behaviour under different control scenarios. In order to estimate the electricity consumption of the HVAC systems of commercial buildings, the EnergyPlus simulation software is used. The software allows the modelling of the buildings and their internal loads, making use of different constructive and operational parameters.
This paper presents a case study where a real building is modelled and the results are compared to real HVAC consumption measurements. Simulations are run for both non-controlled days and demand response event days.
OVERVIEW OF THE OPTIGES PROJECT
The OPTIGES project is presented in [3] . The figure shows a graphical representation of the system: The system is based on a central controller and on a series of OPTIGES local controllers. Each participating customer has one locally installed.
Each customer's existing EMCS is specifically programmed allowing them to understand the outputs of the OPTIGES local controller. The strategies that are programmed in the EMCS are particular for each customer and depend on the capabilities of the EMCS, the loads (possibilities of reduction) and the tolerance to the discomfort. An energy audit will help decide on this. Typical strategies are modification of the normal setting of the thermostats of building zones, and the dimming or interruption of non-critical lights. Strategies for both summer (air conditioning) and winter (electric heating) are considered.
The central controller calculates the optimal control actions according to the constraints introduced by Endesa Energia (electricity supplier) or Endesa Distribucion (distribution company), and the control strategies programmed in the EMCS of each customer. In order to obtain accurate results from the optimisation algorithms, it is essential to properly estimate the consumption reduction that is obtained with the application of each control strategy.
The calculation of the load reduced by the application of lighting control strategies is straightforward, but for HVAC systems is more complicated.
METHODOLOGY
Each participating building is modelled using the EnergyPlus simulation software [4] . The software provides the estimated heating and cooling load curves for particular thermostat settings, weather conditions and building situations. The difference between the simulation results for the non controlled and the controlled situations, provides the control margin.
The definition of the building's constructive characteristic is arduous if the EnergyPlus user interface is used. In order to make it easier, the building is first modelled using the DesignBuilder [5] graphic software, and it is then simulated using EnergyPlus.
EnergyPlus provides thermal demand curves. In order to obtain electricity demand curves, the efficiency or COP (Coefficient of Performance) of the HVAC system must be applied. If this value is not provided by the HVAC system vendor, it must be calculated using field measurements. The COP is defined as the relationship between the heat that is provided or extracted by the HVAC system and the electricity consumed by it: The COP of an HVAC system is different in heating (providing heat to the internal air) and cooling (extracting heat from the internal air) modes.
CASE STUDY
In order to evaluate the accuracy of the thermal simulations, a particular office building was modelled. It is a 4 storey building sited in Bilbao, Spain. The HVAC system uses three electric water chillers for cooling and a natural gas boiler for heating. Therefore it can only provide significant control margin in the summer season.
Next figure shows the DesignBuilder model of the building:
Fig 2 View of the DesignBuilder model
The model includes the volumes and the characteristics of all the materials. It also includes the occupancy schedules and the existing internal heat generating loads (PCs, lights, office machines…). The building is divided in 4 simulation zones.
COP calculation
There is no indication of the COP of the cooling system from the HVAC system vendor, and measurements were performed in order to calculate it. On a particular summer day the electrical consumption of the HVAC system was monitored during a fixed period of time. The EMCS system monitors the enthalpy and relative humidity of the incoming and return air flows. Using the value of these parameters captured by the EMCS, the amount of heat extracted from the internal air during the same period of time was calculated.
The calculated COP value was 1.45. It has to be noted that the COP value can vary slightly according to the particular weather conditions. The temperatures on the day of the measurements were typical summer temperatures for the Prague, 
Event simulation
On the 4 th of July 2008, a real HVAC control event was executed on the building. The control action involved the complete disconnection of the water chillers during one hour, while maintaining the operation of the air distribution system. This event allows the evaluation of the accuracy of the control margin estimated by simulation.
The simulation of the building if no control action is performed provides the following result:
Fig 3 Simulated thermal consumption of the HVAC system if no control action is performed
The thermostats of all building areas were set to 24ºC, and the HVAC was connected from 8:00 AM to 16:30 PM. The integration period is 15 minutes
If we now simulate the same day, but applying the disconnection of the water chillers from 11 AM to 12 AM, the obtained result is shown in the next figure:
Fig 4
Simulated thermal consumption of the HVAC system when a control action is performed
The consumption during the event period is reduced drastically, but the reconnection peak is significant.
Subtracting the two previous curves during the event period, and applying the COP coefficient, the estimated electrical control margin is obtained. The resulting estimated electrical control margin is approximately equal to 300 kW during the event period.
Actual measurements
The electrical consumption of the whole facility was measured on the 4 th of July. Next figure shows the measured load curve:
Fig 5 Whole building electrical consumption on the event day
The figure also shows the calculated baseline (estimated whole building electrical load curve if no control action is executed). The baseline has been calculated using an accurate statistical method that uses historical data [6] [7] .
At end of the control period the chillers were directly reconnected and this resulted in the huge peak that is shown in the figure.
The difference between the measured curve and the baseline represents the actual control margin that was obtained during the event. The obtained control margin is around 200 kW.
It must be noted that there is a significant difference between the estimated and measured control margin values.
SENSITIVITY ANALYSIS
The previous result shows that it is challenging to accurately estimate the expected load reduction during short periods of time. Building thermal simulations are complex and depend on a series of parameters that are difficult to obtain. In order to estimate the influence of these parameters, a base case was selected, and several simulations were performed, modifying one parameter at a time.
One of the most important parameters is the infiltration. It Prague, 8-11 June 2009
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is extremely difficult to estimate the amount of air that is renewed through open windows, doors and gaps during the control period. A 50% increase in this value can alter the simulation result in more than a 20%. In the same way, the natural ventilation (external air that is introduced by the HVAC system) is difficult to estimate, and the effect is the same as that of the infiltration. The effects are specially significant when the temperature difference between the external and internal air is large.
The heat emitted by the office equipment is also an important parameter. A 50% variation in this parameter results in a 10% variation in the simulation result.
Some EMCS systems offer the possibility to locally modify the thermostat settings (this is the case of the building studied in this paper). The particular settings that are in place during the event period are therefore difficult to obtain, introducing another source of uncertainty.
CONCLUSION
Comparison of real measurements and simulation shows that thermal building simulations are very sensitive to parameters which have a great amount of uncertainty.
Results show that it is challenging to obtain accurate simulation results regarding the absolute value of the electricity consumption of HVAC systems during short periods of time. However, simulations can be useful to establish the order of magnitude of the control margin obtained through the application of different demand response strategies, and to compare their relative effect.
